The SPS ring vacuum system was recently upgraded to the vacuum requirements for proton-antiproton collider operation.
INTRODUCTION
The SPS vacuum system was originally built to provide a pressure in the ring of better than 3.10-7 mbar after one day of pumping. This performance was adequate as long as the SPS only operated as an accelerator for fixed target physics. After a couple of months of relatively undisturbed pumping a limit pressure of the order of 10-8 mbar was reached in the vacuum system.
A natural way to both reduce the pressure and to obtain a short pumping time would have been to bake the vacuum system. This unfortunately is not possible mainly because the vacuum chambers in the main bending magnets are pressed against the polefaces and the coils of the magnets. Thus there is hardly any room for heating elements and the magnet cores would also act as efficient heat sinks. Bakeout is therefore exclusively used for certain equipment in the SPS long straight sections which form but a small part of the ring circumference.
In most of the ring the performance of the vacuum system could only be improved by the addition of further pumps. The vacuum pump layout in the normal machine periods was mainly determined by the magnet lattice as the pumps had to be fitted in the inter-magnet gaps. For normal accelerator operation it was satisfactory to place a high vacuum pump (sputter--ion pump) in every second gap.
The vacuum improvement programme mainly consisted in fitting sputter--ion pumps in every inter-magnet gap in the normal periods and in adding a getter pump (sublimation pump) to every sputter-ion pump all around the ring.
DESCRIPTION OF THE SYSTEM
Eighty percent of the 7 km circumference of the SPS ring consists of normal machine periods. The vacuum system in these periods is relatively simple and is mostly made up of stainless steel tubes.
Sputter-ion pumps of 30 ./s pumping speed are placed about every 6.5 m along the beam channel. A titanium sublimation pump is inserted in the short pipe which connects the sputter-ion pump to the system. Details of the standard pump layout in the gap between two main magnets are given in Fig 1. The available pumping speed in the manifold above the pumps is of the order of 100 Q/s for nitrogen. The 400 2/s sputter-ion pumps were also combined with sublimation pumps in the connecting ducts to the system.
A total of about 1300 sublimation pumps were fitted in the SPS.
Metal sealed joints were used throughout for the assembly of the ring system. Elastomers were excluded from the vaccum chamber because of the radiation levels encountered during accelerator operation for fixed target physics. Rough pumping is achieved by turbomolecular pumping stations. These furnish a pumping speed of at least 1 ./s at any point in the system.
PREPARATION OF THE VACUUM CHAMBERS
Already during the construction of the basic vacuum system all vacuum chambers went through a final degreasing and detergent cleaning procedure at CERN. For all the chambers in the normal periods this treatment was followed by a bakeout in atmospheric air at 150°C and a global helium leak test. After final assembly, all joints were leak tested and any leaky joints were remade. The leak detectors had a detection limit of 3.10-10 mbar Q/s of helium.
PUMPING CHARACTERISTIC
The ring vacuum system is divided into about 60 sectors which vary in length from a few metres to over 400 m. Each sector is fully independent from the point of view of vacuum production. The pump layout was initially chosen to make the pumping characteristics almost identical in all sectors.
A pumpdown starts with rough pumping to 4.10-5 mbar at which pressure the sputter-ion pumps take over.
A series of pre-programmed sublimations is launched at about 4.10-7 mbar.
The sublimations take place at intervals which are gradually lengthened from a few minutes to a few hours, in accordance with the fall in pressure which was observed in early pumping tests in the ring and which is assumed to be valid for any pumpdown. The programme includes 60 firings of the pumps over a 10 day period.
After this initial pumping period the sublimation pumps need only be fired about once per day. As the system approaches its limit pressure, a sublimation once per week will be adequate to keep the pressure fluctuations, caused by saturation of the titanium films, small. Very high pressures, due notably to leaks, can exist locally in a long sector and remain undetected by a gauge which is situated some distance away from the pressure bump. The sputter-ion pumps are therefore very important complements to the gauges as they permit a rough check of the pressure all around the ring, at points which are never located more than 6.5 m from one another. The present remote reading facility for the sputter-ion pump currents operating through the SPS control computers, has a detection limit corresponding to about 10-8 mbar. Readings which are taken manually on the pump power units usually allow estimates down to about 10-9 mbar. This virtually excludes the non-detection of any important leak.
Pressures near the system limit pressure are difficult to measure because the gauges have a fixed low pressure measuring limit, set at 2.10-10 mbar.
The gauges are of the cold cathode type. They need to be studied further, under the operating conditions prevailing in the SPS, before any attempt can be made to use them for measurements below the present limit. In the normal periods a further difficulty is caused by the necessity to mount the gauges near the pumps as there is no space for gauge ports in the normal vacuum chamber.
The latter problem is largely overcome by multiplying the gauge readings by a correction factor which converts the pump pressure to average pressure in the beam channel. In the early pumping tests this factor was found to have a value of about 3. The vacuum chambers on the platforms have a total length of about 12 m and have nearly the same apertures as in the typical chambers in the normal periods of the SPS. Most of these chambers were assembled from thin walled corrugated stainless steel elements similar to those made earlier at CERN for experiments at the ISR. In a couple of cases, 2 mm thick, smooth walled, beryllium elements of non-circular cross section were used. One of the beryllium chambers has a total length of about 6m. In one of the stainless steel chambers there was an insert of about 2.5 m2 of Kapton foil which formed part of a detector arrangement.
CONCLUSION
The SPS ring vacuum system produces pressures which are much lower than specified when left under vacuum for a few months. This contributes to long beam lifetimes and to low backgrounds in the collider experiments. It also permits to restore the specified average pressure very rapidly after any repair or modification work during which it was necessary to temporarily vent part of the system. 
